that the predictions of the standard theory must be incorrect (since the liquid cannot exists for pressures lower than the spinodal one). They also carried out an experiment [2] , whose results are in contradiction with those of Ref. [1] , obtaining lower values for the tensile strength. More recently, several experiments [3] providing information about the cavitation problem have been performed. Unfortunately, as they do not rely on an accurate pressure calibration, no tensile strength values are reported.
In Refs. [4, 5] the spinodal pressure was estimated by fitting to the measured [11] sound velocities c as a function of pressure P several polynomial and Padé forms, and then extrapolating into the negative pressure region to determine the zero of c(P ). From a different point of view, the spinodal pressure was calculated in Ref. [7] using two different phenomenological models that reproduce the equation of state in the measured positive pressure region.
Although an overall agreement between the phenomenological calculations and the empirical results was obtained, some questions arise, as for instance to what extent the extrapolated results depend on the form used in the fit, or on the density functional used in the calculations. It is therefore necessary to handle with a precise equation of state for liquid 4 He valid in the full range of pressure, down to the spinodal one.
Many-body techniques have achieved a high level of accuracy in the description of liquid helium. In particular, Monte Carlo (MC) methods [12] give exact information, apart from statistical uncertainties, on the ground state of bosonic systems both at zero and finite 2 temperature. The well known interatomic interaction for helium has been a key ingredient to reach an excellent agreement between the theoretical results and the experimental data.
Recently, we have used a Quadratic Diffusion Monte Carlo (QDMC) method to calculate the equation of state in the positive pressure region [13] . One of the main conclusions of Ref.
[13] is that the HFD-B(HE) potential suggested by Aziz et al. [14] , hereafter referred to as Aziz II potential, improves the results obtained with the Aziz potential [15] , especially when the density dependence of derivative magnitudes of the energy is considered. In this work,
we have extended those calculations to lower densities, with the hope of studying without ambiguity the zero-temperature properties of homogeneous liquid 4 He in this zone.
The QDMC method solves stochastically the Schrödinger equation in imaginary time assuming a short-time approximation form for the Green's function [16] . The ground-state wave function is sampled in an iterative process after a time larger enough to project out higher energy components. Rigorously, the exact ground-state energy is obtained when the limit ∆t → 0 is considered. In linear DMC algorithms one has to perform calculations at several time steps, and then extrapolate to the exact value. The QDMC method, which has evidenced a quadratic dependence on ∆t [13, 17] , improves the efficiency of the diffusion algorithm making feasible to use larger time steps than in DMC and avoiding the necessity of the extrapolation to ∆t = 0.
In order to guide the diffusion process a Jastrow trial wave function of the form [18] In Table I are reported the total energies (in K) obtained with the Aziz II potential, for different values of the density (in units of σ −3 ). The experimental values of Ref. [19] are also displayed. The origin of the slight differences observed between theory and experiment was discussed in Ref. [13] .
Derived quantities of the energy such as the pressure or the sound velocity have been obtained through a third and fourth degree interpolation, with unnoticeable changes when larger degrees were introduced in the interpolation method. The QDMC prediction of P (ρ)
is shown in Fig. 1 (solid line) for the whole range of densities, in comparison with experimental data for positive pressures [19] . The agreement between the Aziz II results and the experimental data is quite impressive.
At this point, we would like to draw the attention on the quality of the extrapolations coming from the previously available data, laying mainly in the positive pressure region. In the majority of microscopic calculations on liquid helium the energy per particle is parametrized using a polynomial form
On the other hand, in calculations based on Density Functional Theory, the form
proposed by Stringari [20] , has proved to be very efficient in describing properties of homogeneous and inhomogeneous (including an additional surface term) liquid 4 He. We have used both forms to fit our previous QDMC results [13] , which included only one point below the equilibrium density. Proceeding in this way (i.e., considering only the five last densities of Table I ), we have found that although both fits are compatible with the previous results of the energy, only the second form, see Eq. (3), predicts the new QDMC results at densities lower than 0.328 σ −3 . This fact is reflected in Fig. 1 , where the pressure derived from these fits is plotted as a function of density. The short-dashed line corresponds to the fit (2) and 4 the long-dashed line to the fit (3). The starting points from the left of all curves depicted in In Figure 2 is displayed the sound velocity c as a function of pressure P . The points are the experimental values of Ref. [11] , and the solid line corresponds to the QDMC results.
The accuracy provided by the Aziz II potential is again remarkable, giving results for the sound velocity in close agreement with the experiment. It can be seen that c drops to zero very fast when approaching the spinodal point. The behavior of c near P c is expected to be of the form c ∝ (P − P c ) ν , being ν the critical exponent. It is known [7] that ν = 1/4
provided that the quantity
be different from zero. Our QDMC estimation of P ′′ c is 1200 ± 100 Kσ 3 . Therefore, the clear departure from zero of P ′′ c guarantees that ν = 1/4, in disagreement with the Maris' model [6] which, explicitly taking the value P ′′ c = 0, predicts ν = 1/3. Nevertheless, in the positive pressure region the experimental values are very well reproduced by the above form with ν close to 1/3. In fact, we have found that for pressures only slightly higher than P c and up to almost solidification pressure, the behavior is also c ∝ (P − P c ) ν with the exponent given by [7] 
where κ 0 is the isothermal compressibility
and u 0 is the Grüneisen constant
both quantities evaluated at the saturation density ρ 0 . Our QDMC results give for these 
TABLES

